Abstract Despite the growing importance and high priority assigned by the EU policy makers to the development of aquaculture, little attention has been given to analyze the economic performance of the sector at EU level. Recently, the profitability of the EU aquaculture sector has been estimated by the European Commission's Scientific, Technical and Economic Committee for Fisheries (STECF). However, the few studies that have estimated the profitability of the EU aquaculture sector show sometimes divergent results. In this paper, the economic performance of the EU aquaculture sector is analyzed by country, segment and main species for the years 2006, 2009 and 2010 using financial and accounting data extracted from the Amadeus database and results are compared to other studies. This analysis helps to understand the methodological differences between the diverse sources. Moreover, this alternative methodology offers a simpler and faster alternative to the STECF's profitability estimates of the aquaculture sector. The analysis indicates that after the economic downturn, companies started to recover profits in 2010 in almost all segments and countries, and that the highest profitability is recorded by companies in the marine segment as compared to freshwater and shellfish.
Introduction
Aquaculture production by the 27 European Union Member States (EU 27) reached 1.26 million tones 1 and 3.10 billion Euros 2 in 2010 (FAO 2012) . Based on these figures, the production value of the EU aquaculture sector represents more than half of the EU wild catch fisheries.
The growing importance of aquaculture and its potential to compensate for stagnating (or even declining) fishery supply and support income and employment in coastal and rural areas have been recognized by EU policy. The reform of the Common Fishery Policy aims to boost the growth of the aquaculture sector by setting strategic guidelines, common priorities and exchange of best practice and by giving higher prominence to aquaculture in the proposal for the European Maritime and Fisheries Fund. Given the relevance assigned to the sector by the EU policy, there is a higher demand on data and analyses to monitor its economic performance at EU level.
The profitability of the aquaculture sector at EU level has been examined in a study by Ernst & Young et al. (2008) with reference to 2006 data, in a report by Framian (2009) To complement previous analyses, this paper uses financial and accounting data extracted from the Amadeus database to estimate the economic performance of the EU aquaculture sector by country and main segment for the years 2006, 2009 and 2010 . Results and methodologies of the different studies are compared to obtain a more complete view of the EU aquaculture sector performance.
Materials and methods

Data
The main data source used in this study is the Amadeus database managed by Bureau van Dijk (2012) . The database covers firm-level accounting data in standardized financial format from 38 European countries. It includes financial information (balance sheet, and profit and loss account), classification according to industry activity codes, legal form, legal status and a brief description of the main lines of activities for almost 9 million of 1 Annual EU aquaculture production is estimated to be 1.36 million tones in 2010 according to STECF (2013) , and 1.30 million tones in 2009 according to EUROSTAT (2013) data. Total EU-27 landings in 2010 from capture fisheries accounted for 5.39 million tones, including 1.03 million tones from inland waters (FAO 2012) .
Article 2, of the EC Regulation No. 762/2008 of the European Parliament and of the Council of 9 July 2008 on the submission by Member States of statistics on aquaculture and repealing Council Regulation (EC) No. 788/96, defines ''production'' as the output from aquaculture at first sale, including production from hatcheries and nurseries offered for sale. It should be noted that total sales it is then used as an estimate of total production. Even both variables can have a similar evolution over time, they can be different year by year. This happens because companies may decide to keep more or less fish on stock depending on the economic expectations, and because there are long-live species that may take several years to grow. On this last case, production (in weight terms) takes place every year, but the sale may only take place at the last year of the production. 2 Equivalent to 4.11 billion US$, using an exchange rate of 1 EUR equal to 1.3257 USD, following European Central Bank exchange rate data. STECF (2013) estimated the EU aquaculture production to be worth 3.58 billion Euros, and Eurostat (2013) Ernst & Young et al. (2008) report, which was also based on the same database.
The 2009 data refer to more than 1000 companies (1024) for a total turnover of almost 2.5 billion Euros, which represents 75 % of the total EU-27 aquaculture sector turnover in 2009 (based on STECF report 2012b).
6 For more than 800 companies (802), data were available for both 2009 and 2010, representing 67 % of all EU-27 aquaculture sector turnover. For a smaller group of companies, data were available for several years' combinations from 2006 to 2011. Table 1 gives a summary of the data used in this study. Data were classified by single years (2006, 2009, 2010 and 2011) and years' combinations for which data were available for the same companies.
Methodology
The main variables extracted from the Amadeus database were turnover, EBIT and number of employed persons.
The turnover comprises all market sales of goods and services supplied to third parties (EC 1998). The EBIT [earnings before interest and taxes] or operating profit is a measure of a firm's profitability that excludes interest and income tax expenses and is calculated by subtracting the operating expenses from the operating revenues.
In Framian (2009) and the Economic Performance of the EU Aquaculture Sector reports (STECF 2012b and 2013) , EBIT was calculated, according to the Structural Business Statistics definitions (EC 1998) .
The difference in the EBIT estimation is because the Amadeus database follows a firm financial accounting perspective (EBIT FIN ), while the STECF reports follow a more economic perspective (EBIT ECO ), as it aims to know strictly the aquaculture sector's economic performance (EC 1998; STECF 2011) . 3 The Statistical Classification of Economic Activities in the European Community (in French: Nomenclature statistique des activités économiques dans la Communauté européenne), commonly referred to as NACE, is a European industry standard classification system. 4 18 companies were classified A.3.2.0. 5 For 2011 data was only available for a reduced number of companies at this time stage. 6 Other approaches to measure the representativeness of the panel are not so favorable, such as the number of companies since STECF (2012a STECF ( , b, 2013 estimate between 14 and 15 thousand the number of aquaculture companies in the EU.
EBIT ECO ¼ turnover þ other income þ subsidies À energy costs À wages and salaries À imputed value of unpaid labor À livestock costs À feed costs À repair and maintenance À other operational costs À depreciation of capital:
It should be noted that the Amadeus database does not take into account the imputed value of unpaid labor, but considers the extraordinary costs.
EBIT FIN ¼ turnover þ other income þ subsidies À energy costs À wages and salaries À livestock costs À feed costs À repair and maintenance À other operational costs À extraordinary costs À depreciation of capital:
The EBIT to turnover ratio (commonly referred as EBIT ratio or EBIT margin) gives an assessment of the profitability by comparing the earnings with the revenues and is indicating the percentage of the remaining revenues (earnings) after the operating expenses.
EBIT to turnover ratio ¼ EBIT=turnover Following previous distinction between EBIT FIN and EBIT ECO , same distinction is applied to the EBIT to turnover ratio.
Moreover, STECF (2012b STECF ( , 2013 , among other economic performance indicators, also estimates the return on investment (ROI). ROI also provides a snapshot of profitability, in this case, adjusted for the size of the investment assets tied up in the firm.
Return on investment ROI
ð Þ¼EBIT=total value of assets 
Results
Overview of the EU aquaculture sector
The EU (27) represents 1.6 % of the world aquaculture production in weight and 3.3 % in value. The EU (27) contribution to world aquaculture production has been decreasing significantly over time. Spain, with 20 % of the total EU production in weight, is the largest aquaculture producer in the EU, followed by France (18 %), United Kingdom (16 %), Italy (12 %) and Greece (9 %). In terms of value, France is the largest EU producer with 21 % of the total EU aquaculture, followed by the United Kingdom (19 %), Spain (13 %), Greece (12 %) and Italy (11 %). These five countries account for 75 % of the total EU aquaculture production in weight and 76 % in value, as can be seen in Fig. 1 .
The main species produced by the EU aquaculture sector are mussels (blue and Mediterranean mussels), rainbow trout, Atlantic salmon, oysters, gilthead sea bream, common carp and European sea bass (EUROSTAT EUROSTAT 2013; FAO, 2012) . These species constituted more than 90 % in weight and more than 85 % in value of the total EU aquaculture production for 2010.
The STECF (2013) report estimates the value of aquaculture sales to be 95 % of the total income, 3 % comes from other income and 2 % from direct subsidies.
In 2010, the shellfish segment accounted for 0.63 million tones and 0.91 billion Euros, the marine segment for 0.35 million tones and 1.43 billion Euros, and the freshwater segment for 0.28 million tones and 0.76 billion Euros (FAO 2012). 7 On the basis of the STECF report (STECF 2013) , the most important costs of the EU shellfish aquaculture sector are related to labor (wages and salaries (19 %) and imputed value of unpaid labor (19 %)) and livestock costs (28 %), as can be seen in Fig. 2 . A large part of the employment is not performed under a formal contract, because most workers are either the owners of the company or family members, with an important presence of part- (2013) estimates that in 2010 the total sales (production) of the EU (27) shellfish aquaculture were 0.72 million tones and 1.12 billion Euros, of the marine aquaculture were 0.51 million tones and 1.57 billion Euros, and of the freshwater aquaculture were 0.31 million tones and 0.91 billion Euros. time employment. The most important costs of the EU marine aquaculture sector are the feed costs (26 %), followed by other operational costs (23 %), livestock costs (18 %) and wages and salaries (18 %). It is important to notice the null importance of imputed value of unpaid labor in the marine aquaculture, because most of the work is done under formal contracts. The most important costs of the EU freshwater aquaculture sector are the feed costs (37 %), followed by wages and salaries (19 %) and livestock costs (15 %). There is an important level of part-time employment in the freshwater aquaculture sector; on the other hand, unpaid labor is of low importance.
Profitability analysis based on the Amadeus database
The overall profitability of the EU aquaculture sector based on the EU companies with aquaculture as main activity available at the Amadeus database, measured by the EBIT Profitability by country Table 3 shows the overall profitability of the aquaculture companies from the Amadeus database by country and year. This gives the possibility to understand which countries have recovered from the 2009 downturn.
From Table 3 , it can be observed that for countries with a relatively high number of companies, the profitability of the aquaculture sector diverges slightly from the overall profitability (EBIT ratio of 4.3 %). While most countries have profitability between 4 and 10 %, southwestern countries presented worst results (Portugal -3.2 %, Spain -1.7 % and France 0.5 %).
It can also be seen that overall profitability increased in Portugal, Spain and France while worsened in Czech Republic, Greece, Hungary and Italy.
Overall turnover from the aquaculture sector has increased by 11.2 % from 2009 to 2010. While the turnover from the aquaculture sector in most EU countries has increased, for the Netherlands, Romania, Slovakia and Sweden, it has significantly decreased.
Profitability by segment
The profitability of the EU aquaculture by marine and freshwater environment was analyzed looking at the NACE classification available from the Amadeus database, while the companies involved in shellfish aquaculture were identified looking at the narrative description of the main business area of the company. This information was available only for a limited number of companies. In 2006, there were 76 companies listed as shellfish producers, for a total of six countries and 112 million Euros of turnover. For all these companies, data were available for 2006 and 2009, while for only 55 of them, data were available also for 2010 as can be seen in Table 4 .
The profitability by segment shows the same temporal evolution as the overall profitability with lower values in 2009 in respect of 2006 and 2010. In all years, marine aquaculture has a higher profitability than freshwater and shellfish aquaculture.
The shellfish sector that appears in this analysis may not be representative of the shellfish-gathering microenterprises common in Southern Europe, but more similar to the larger German, Dutch, Danish or Irish companies, because data available in the Amadeus database are from medium and large companies. On the other hand, due to statistical confidentiality or willingness to participate, data from large companies could be missing on the STECF estimations. (2008) analyzed the composition and competitiveness of the EU aquaculture sector. The report provides in its annex turnover and EBIT ratio data from the Amadeus database for the 510 companies with the largest sales value in 2006. Assembling these data, it can be estimated that the EBIT FIN ratio of the EU aquaculture sector was 10.9 % in 2006.
Framian (2009) carried out a pilot survey compiling data mostly for the year 2006 in 16 EU Member States. 9 The study covered 55 segments that produced 1.2 million tons of fish with an estimated value of 3.5 billion Euros, representing more than 90 % of the EU aquaculture production in terms of volume in 2006.
10 Assembling the data provided in the report, it can be estimated that the EBIT ECO ratio of the EU aquaculture sector was 12.6 % in 2006. Compared to Ernst & Young et al. (2008) study, Framian (2009) did not consider the extraordinary costs, but considers the imputed value of unpaid labor as a cost. When not accounting for the imputed value of unpaid labor, the estimated EBIT ratio in the Framian report was 14.7 %.
On the other hand, STECF (2012b) reported the profitability based on the ROI of the EU aquaculture sector in -3.1 % for 2008 and -1.6 % for 2009, while the STECF (2013) estimated the ROI for 2010 to be 5.7 %. The estimated profitability in the STECF (2012b STECF ( , 2013 reports rather depends on the data availability by country. On the STECF (2013) report, data are not available for Austria, Belgium, Czech Republic, Hungary, Latvia, Lithuania, Luxemburg and Slovakia, because reporting of freshwater aquaculture is not compulsory under the Data Collection Framework (DCF) data collection and most of their aquaculture production is freshwater based. Greece did not report any data for this report, while Italy reported only partial data and so it was excluded from the analysis. Germany, Poland and Slovenia reported marine water aquaculture data, but not freshwater aquaculture. The Netherlands did not provide 2010 data, but 2008 and 2009 data. Moreover, the reported data still contain some missing variables and data quality issues. Hence, it is relevant to check the coherence of the STECF's profitability estimates, especially for certain countries. Assembling the data available from the STECF report (2013), it can be estimated that the EBIT ECO was -0.9 % and the EBIT FIN was 5.0 % in 2008, 11 the EBIT ECO was -6.6 % and the EBIT FIN was -3.0 % in 2009, 12 and the EBIT ECO was 10.1 % and the EBIT FIN was 18.4 % in 2010.
13 Table 5 compares the profitability based on the EBIT ratio of the EU aquaculture sector estimated by the different sources: Amadeus database in Ernst & Young et al. (2008) and in this study, Framian (2009) and the STECF (2013) report.
Results from Table 5 confirm the improvement in the economic performance of the EU aquaculture sector after years 2008 , especially according to STECF (2013 where the profitability for these initial years was even lower. Table 6 compares the profitability based on the EBIT ratio of the EU aquaculture subsectors (marine, freshwater and shellfish) estimated by the different sources.
Results from Table 6 show that marine aquaculture was the only subsector obtaining negative profits in 2008 and 2009, and thus worsening the overall EU aquaculture sector profitability.
Discussion
The EU contribution to world aquaculture production is rather small and has been decreasing over time. But on the basis of Framian (2009 ) and STECF (2012b , 2013 , it can be concluded that the value of the EU aquaculture production is slightly higher than the value estimated by Eurostat and FAO. This is mainly because Eurostat and FAO consider only the aquaculture production for human consumption. Indeed, STECF (2013) estimated the GVA of the EU aquaculture sector in 2010 to be about 1.5 billion Euros, compared to 3.4 billion Euros of the EU fishing sector (STECF 2012a) .
Despite the importance of the EU aquaculture sector, its economic performance is rather uncertain compared to other EU economic sectors (Asche 2008; Bergfjord 2009; Sgroi et al. 2014) . Results from this study offer a positive outlook on the economic performance of the EU aquaculture sector which appears to recover profitability after the 2009 crises, confirming STECF (2013) trends. But there are important discrepancies between the economic performance figures from this study and the STECF reports (STECF 2012b (STECF , 2013 . The main reasons for the existence of these divergences could be attributed to:
• different treatment in the two sources for ''imputed value of unpaid labor'' and ''extraordinary costs/income''; • the fact this study is based on panel data from 1024 mostly medium and large size companies rather than on a statistical sampling including part time and small companies; • the fact that economic accounts in the Amadeus database do not allow a separation of the area of business related to aquaculture production (main activity) from other activities within the same company.
STECF reports (STECF, 2012b (STECF, , 2013 included the ''imputed value of unpaid labor'' as a cost, but not the ''extraordinary costs/income.'' This can partially explain the lower profitability (EBIT ECO margin) on the STECF report where imputed value of unpaid labor was considered as a cost. This difference can be significant in those segments that are mostly run by sole or family units and are very labor-intensive, such as shellfish gathering (see Fig. 2 ). By subtracting the ''imputed value of unpaid labor'' and adding the ''extraordinary costs/income'' on the STECF's EBIT ECO , it can be obtained the EBIT FIN , and consequently the EBIT FIN margin, in order to harmonize the STECF profitability indicator with the one estimated from the Amadeus data.
The companies from the Amadeus panel are medium and large size companies, while the STECF data are collected by statistical sampling including part time and small companies. On average, the companies from the Amadeus database have a higher turnover than the ones from the STECF database (STECF 2012b (STECF , 2013 . Thus, this study, by considering the Amadeus selected panel of companies, has lower statistical representativeness in respect of the more rigorous and comprehensive data collection under the EU DCF. In particular, small companies and specifically the shellfish sector may be underrepresented. Despite this limitation, the panel has an overall high coverage in terms of turnover (75 %) and includes also freshwater aquaculture. The availability of data for individual companies over time also provides the unique opportunity of examining the performance trend during last years. Moreover, sometimes data from large companies cannot be reported inside the STECF statistics due to confidentiality issues or companies not willing to collaborate.
Therefore, the consideration of data from the Amadeus panel while representing a large share of the EU aquaculture turnover 14 could represent a bias if profitability is shown to be dependent (affected) from the turnover. There could be some economies of scale so that the largest companies with highest turnover could exploit and obtain larger profits. To check for the presence of this potential bias in Fig. 3 , the profitability is plotted against the turnover. The figure shows that there is a higher variability on the profitability for smaller companies with smaller turnover. The almost flat trend line and its very small R 2 indicate that there is no significant relation between profitability and turnover for the EU aquaculture (large and medium) companies. On the basis of this observation, it can be concluded that the panel data used in the analysis should not suffer of a bias linked to an overrepresentation of large companies.
However, it should be analyzed if this stands for individual companies (e.g., shellfish gathering) that may have a very different cost structure (e.g., with null or low capital costs and investments).
The turnover of the Amadeus selected companies in many cases exceeds the value of production reported in FAO statistics for specific segments and countries. This indicates that a relevant proportion of the turnover of the examined companies is generated from other activities than their main activity of domestic aquaculture production, such as production of juveniles, production of feedstuff, fishing activities, marketing, processing and production in foreign countries.
The profitability of the aquaculture sector is, in general terms, similar to other food production sectors, even if it can suffer from bad periods on a cyclic way. Nikolik (2011) reported the average 2005-2010 EBITDA (earnings before interest, taxes, depreciation and amortization) margin to be more than 16 % for salmon farmers, around 15 % for sea bass and sea bream farmers, more than 14 % for wild catch fisheries, more than 10 % for poultry, more than 8 % for seafood processing, almost 7 % for processed meat and almost 7 % for red meat. However, the profitability of the aquaculture sector is reduced when capital costs are considered (i.e., depreciation and amortization) because aquaculture is often a capital intensive business (e.g., depreciation to be between 6 and 13 % of the production costs according to STECF (2013) , while Bjørndal and Guillen (2014) estimated depreciation to be 12.9 % for the sole culture).
Conclusions
The findings of this study by using Amadeus data show that in 2010-2011, there is an improvement in the economic performance of the EU aquaculture sector from the beginning of the economic crisis (2008) (2009) . These trends confirm the results of STECF (2012b STECF ( , 2013 ; however, the figures do not exactly match. Given this variability on the exact figures, economic performance results should be considered with caution.
Despite the global expansion of aquaculture and the mild positive signs in terms of economic performance emerging from this study, the future of the sector in the EU remains uncertain. The successful development of the EU aquaculture sector implies control of the biological production processes, together with economic sustainability, in other words, a profitable production over time. The EU aquaculture sector has to face a fierce foreign competition that brings market prices down, high labor and capital costs and administrative burdens that slow down investments in the sector, hindering the full potential of the EU aquaculture sector (STECF 2013) .
The findings of this study by using Amadeus data while not meant to substitute the annual economic performance assessment for the EU aquaculture by the STECF represent a useful point of reference and complement especially in a phase of initial implementation of the EU DCF for aquaculture. Indeed, data coverage and quality from the annual STECF aquaculture reports are likely to improve in the future as data collection for this sector becomes more established. A problem which is not going to be easily addressed is the lack of coverage for the freshwater sector since according to existing legislation, the submission of such data by the MSs is only on a voluntary basis.
While not being statistically representative, one advantage from using the Amadeus database is in the availability of individual companies' data, which allows tracking performance of a selected panel over time. Moreover, Amadeus data are made available earlier than the STECF. The fact that the Amadeus database contains data from companies, it informs on the robustness and sustainability of the companies involved in the aquaculture sector, while STECF analyzes the economic performance obtained from the aquaculture activity.
Another advantage is that, on average, Amadeus data are available between 6 months and 1 year after the end of the year, while STECF is available for most countries after more than a year and a half of the end of the year. Complementing statistical surveys with public individual companies accounts could help STECF data collection to target those segments where more data are necessary (i.e., those segments that present higher changes from previous year). This should lead in the long run to have more stable and robust estimates of the EU aquaculture economic performance and to better monitor the evolution and growth of the sector also in response to the measures envisaged by the new Common Fishery Policy.
